









of-flight	 mass	 spectrometer	 (TOF-MS)	 with	 a	 chemical	 pre-separation	 of	 the	 species	 by	 gas	
chromatography	(GC).	Combined	measurements	with	both	instruments	were	successfully	performed	
with	 the	 laboratory	 prototype	 of	 the	mass	 spectrometer	 and	 a	 flight-like	 gas	 chromatograph.	 The	
system	 was	 tested	 both	 with	 a	 mix	 of	 hydrocarbons	 and	 a	 mixture	 of	 noble	 gases.	 Due	 to	 its	
capability	to	record	mass	spectra	over	the	full	mass	range	at	once	with	high	sensitivity	and	a	dynamic	
range	 of	 up	 to	 106	 within	 1s,	 the	 TOF-MS	 system	 is	 a	 valuable	 extension	 of	 the	 GC	 analysis.	 The	









chromatography	 mass	 spectrometer	 complex,	 the	 GC-MS	 analytic	 complex.	 As	 a	 part	 of	 this	
experiment	 our	 Neutral	 Gas	 Mass	 Spectrometer	 (NGMS)	 was	 selected	 to	 detect	 and	 analyse	 the	
volatile	species	in	the	lunar	soil.	The	NGMS	is	a	time-of-flight	type	mass	spectrometer	(TOF-MS)	with	
a	 grid-less	 ion	 mirror	 (reflectron)	 integrated	 in	 the	 ion	 path	 to	 enhance	 mass	 spectrometric	
performance	[Scherer	et	al.,	2006].	The	ions	are	generated	out	of	the	neutral	gas	by	electron	impact	
ionisation.	 The	 ion	 optical	 design	 of	 NGMS	 is	 based	 on	 the	 P-BACE	 instrument	 [Abplanalp	 et	 al.,	
2009].	A	detailed	description	of	the	instrument	currently	under	development	for	the	lunar	missions	
can	be	found	in	[Wurz	et	al.,	2012].	
	With	 NGMS,	 as	 a	 TOF-MS,	 complete	mass	 spectra	 are	 recorded	 at	 once	without	 the	 necessity	 of	
scanning	 over	 the	 desired	 mass	 range.	 The	 high	 cadence	 of	 recorded	 mass	 spectra	 allows	 the	







The	 prototype	 of	NGMS	 is	 the	 refurbished	mass	 spectrometer	 of	 the	 P-BACE	mission.	On	 the	 one	
hand	this	mass	spectrometer	was	modified	to	allow	an	interface	with	a	gas	chromatographic	column	
and	on	the	other	hand	same	elements	of	 the	 ion	optics	were	replaced	with	prototype	parts	of	 the	
flight	design	 for	NGMS.	To	get	 significant	measurements	with	 the	GC-MS	prototype,	 spare	units	of	
the	gas	 chromatographic	 instrument	 from	 the	Phobos-Grunt	mission	were	used.	Available	 are	 two	
GC	modules	of	identical	build,	one	assembled	with	an	MXT-5	chromatographic	column	for	separation	












exhaust,	which	 is	simulated	 in	the	prototype	by	a	roughing	vacuum	pump.	The	delicate	hole	 in	the	
gas	inlet	is	protected	against	dust	by	two	frit-filters,	each	one	at	entrance	and	exit	capillary.	
There	 is	 a	 certain	 pressure	 needed	 in	 the	 capillary	 to	 provide	 good	 flow	 conditions	 for	 sample	
transportation	 until	 the	 sample	 reaches	 the	 gas	 inlet	 of	 NGMS.	 Since	 the	 output	 capillary	 is	








The	 very	 first	 measurements	 with	 the	 lunar	 GC-MS	 prototype	 were	 performed	 with	 the	 MXT-5	
chromatographic	 module	 using	 a	 relatively	 large	 sample	 with	 a	 250	µl	 sample	 loop.	 The	 first	
calibration	 sample	 was	 a	 gas	 mixture	 of	 mostly	 He	 with	 a	 variety	 of	 hydrocarbons	 at	 1000	ppm	
concentration	 each:	 CO2,	 n-butane,	 n-pentane,	 n-hexane,	 benzene	 and	 toluene.	 After	 sample	
injection	 into	 the	 GC	 column	 NGMS	 recorded	 one	 mass	 spectrum	 after	 the	 other,	 each	 with	 1s	














panel	 in	 Figure	 2).	 Beside	 the	 possibility	 to	 increase	 signal-to-noise	 the	 fragments	 can	 be	 used	 to	
identify	 the	 measured	 species,	 since	 the	 fragmentation	 pattern	 is	 characteristic	 to	 the	 molecular	
structure.	
Table	1:	Retention	 times	and	 signal-to-noise	 ratios	 for	each	GC	peak	during	 the	 first	GC-MS	measurement	
using	 the	MXT-5	GC	module	 for	 hydrocarbon	 separation	 at	 a	 column	 temperature	 of	 40°C	 and	 2.3ml/min	
helium	flow	in	combination	with	a	250	µl	sample	loop.	






CO2	 1000	 92.0	 358	 317	 1.4	 1.4	
H2O	 ?	 95.4	 32	 36	 7.0	 1.6	
Butane	 1000	 98.1	 863	 51	 1.5	 1.5	
Pentane	 1000	 108.3	 1037	 45	 1.5	 1.5	
Hexane	 1000	 134.0	 2494	 34	 1.1	 1.7	
Benzene	 1000	 170.1	 818	 20	 2.0	 1.9	




hydrocarbon	 compounds	 can	 be	 achieved	 and	 that	 one	 single	 GC-MS	 analysis	 with	 the	 available	




peak	shape	with	smaller	amplitude.	This	 leads	 to	a	very	 low	signal-to-noise	 ratio	on	TCD	while	 the	
signal-to-noise	value	of	NGMS	is	still	very	good.	
The	 big	 advantage	 of	 GC-MS	 coupling	 is	 that	 also	 species	 can	 be	 detected	 on	 a	mass	 line	 where	
relatively	 large	background	 is	present.	An	evidence	for	this	 is	 the	water	peak	 in	Figure	2.	 Initially	 it	
was	 unknown	 to	 which	 compound	 the	 corresponding	 peak	 in	 TCD	 data	 was	 belonging,	 but	 the	
analysis	of	the	mass	spectra	recorded	with	NGMS	showed	clear	features	on	the	mass	lines	belonging	
to	water.	With	the	help	of	NGMS	it	was	possible	to	identify	the	chemical	nature	of	the	unknown	GC	
peak,	although	there	 is	 large	background	on	these	mass	 lines,	since	the	water	group	and	especially	
the	water	peak	 itself	are	very	prominent	 in	residual	gas	mass	spectra	of	this	prototype	 instrument.	
The	origin	of	this	water	GC	peak	has	to	be	searched	in	the	sampling	system.	While	no	measurements	
are	performed	 the	output	of	 the	 sample	 loop	 is	 at	 air	 pressure	and	 therefore	also	exposed	 to	 the	
water	in	the	air.	Even	if	the	sample	loop	is	purged	before	injecting	the	volume	of	the	sample	loop	to	
the	 column	 it	 is	 very	 likely	 that	 the	 calibration	 gas	mixture	 is	 contaminated	 by	 a	 small	 portion	 of	
water.	
The	values	for	the	peak	width	 in	time	(full	width	at	half	maximum)	presented	 in	Table	1	show	that	
the	 short	 transfer	 line	 between	 the	GC	 output	 and	 the	 gas	 inlet	 to	NGMS	 do	 not	 affect	 the	 peak	
shape	much	for	most	of	the	peaks,	except	for	water,	where	the	peak	shape	is	much	broader	in	the	









able	 to	 detect	 gas	 concentrations	 that	 are	 again	 one	 decade	 lower	 based	 on	 our	 measurements	
presented	 in	 Table/Figure	 …..	 Further	 assuming	 a	 mean	 molar	 mass	 of	 2.2	g	 for	 moon’s	 regolith	












Table	2:	Retention	 times	and	 signal-to-noise	 ratios	 for	each	GC	peak	during	 the	 first	GC-MS	measurement	
using	the	Carbobond	GC	module	for	noble	gas	separation	at	a	column	temperature	of	40°C	and	2.3ml/min	
helium	flow	in	combination	with	a	250	µl	sample	loop.	






Neon	 1000	 74.5	 487	 12	 3.2	 3.5	
Krypton	 1000	 101.4	 1217	 24	 3.2	 3.5	
Xenon	 1000	 424.6	 593	 8	 12.1	 11.7	
	












The	 retention	 time	of	 xenon	 is	 nearly	 5	min	 shorter	 and	 the	 signal-to-noise	 ratio	 can	be	 improved	




Figure	 4:	 Comparison	 between	 sampling	 of	 a	 GC	 peak	 with	 1	s	 (left	 panel)	 and	 200	ms	 (right	 panel)	
integration	time	per	mass	spectrum.	
Depending	 on	 the	 width	 of	 a	 GC	 peak	 the	 typical	 continuous	 acquisition	 of	mass	 spectra	 with	 1s	
integration	 time	 might	 not	 lead	 to	 an	 optimal	 sampling	 of	 the	 peak	 shape.	 This	 problem	 can	 be	
avoided	by	changing	the	integration	time	of	a	single	mass	spectrum.	With	NGMS	the	integration	time	
per	spectrum	can	be	chosen	in	GC	mode	between	100ms	and	up	to	1s.	Figure	4	shows	a	comparison	
between	 two	 different	 sampling	 rates.	 In	 both	 cases	 the	 sample	 was	 injected	 under	 identical	
conditions	with	 the	 only	 difference	 of	 the	 sampling	 rate	 of	NGMS.	 The	 left	 panel	 shows	 the	 neon	
peak	sampled	with	1s	mass	spectra	while	the	right	panel	shows	the	same	peak	sampled	with	200ms	






and	 subsequent	 analysis	 by	 our	 time-of-flight	 type	 neutral	 gas	 mass	 spectrometer	 NGMS	 were	
performed	 successfully.	 Both	 a	 mix	 of	 hydrocarbons	 and	 a	 noble	 gas	 mixture	 were	 tested	
successfully.	
While	a	GC-MS	measurement	is	running,	NGMS	is	able	to	record	continuously	mass	spectra	over	the	
full	 mass	 rage	 of	 the	 GC	 output	 to	 record	 the	 maximum	 possible	 chemical	 information	 from	 the	
sample.	 In	 GC-MS	 mode	 the	 integration	 time	 per	 mass	 spectrum	 and	 therewith	 the	 sampling	
frequency	 of	 the	 GC	 output	 by	 NGMS	 can	 be	 chosen	 between	 100ms	 and	 1s.	 Due	 to	 the	 high	
sensitivity	 and	 the	 large	dynamic	 range	of	 up	 to	 106,	we	 can	detect	 about	 2ppb	by	mass	with	 the	
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